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STUDIES  IN  TEAR  RESISTANCE  OF  VULCANIZED  RUBBER 


Object 

The  object  of  this  investigation  was  to  study  the 
mechanism  involved  in  the  tearing  of  rubber  and  ultimately 
to  develop  a  reproducible  laboratory  method  for  measixcing 
tear  resistance  which  would  be  indicative  of  the  life  of 
Ordnance  rubber  material  in  service. 

Summary 

A  survey  of  the  literature  with  reference  to  tear 
resistance  of  rubber  has  indicated  that  presently  used 
methods  of  measuring  the  resistance  of  rubber  vulcanizates 
to  tearing  are  inadequate  in  that  none  furnish  data  of 
siafficient  reproducibility.  The  basic  mechanism  involved 
in  the  tearing  of  rubber  is  extremely  complexy  owing  to 
the  fact  that  it  differs  with  the  type  polymer  being 
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tested  and  also  because  of  the  numerous  variables  associ¬ 
ated  with  this  type  of  test.  Some  of  the  requirements  of 
a  good  tear  test  and  the  many  variables  In  testing  are 
listed  herein. 

In  pursuit  of  the  above  objective,  a  program 
(Appendix  I)  was  drawn  up  and  submitted  to  Office,  Chief 
of  Ordnance,  and  the  SAE-ASTM  Technical  Committee,  Sub¬ 
section  IV  J,  on  tear  testing  for  their  approval  and/or 
comments.  The  program  as  approved  was  divided  into  four 
phases,  as  follows: 

Phase  I,  Basic  information  for  control  purposes. 

Phase  II,  Determination  of  mechanism  of  tear. 

Phase  III,  Collation  of  results  and  deductions  therefrom. 
Phase  IV,  Specifications. 

The  work  described  in  the  present  report  is  primarily 
concerned  with  Phases  I  and  II  of  the  overall  program. 

Results  reported  herein  include  information  and  data 
on  the  following  factors  entering  into  tear  resistance: 

1.  Effect  of  molded  ASTM  (B)  and  Graves  specimens 
versus  die  cut  specimens. 

2.  Effect  of  varying  the  speed  of  elongation  during 
testing  from  5  to  240  inches  per  minute, 

3.  Influence  of  sample  thickness  on  tear  resistance. 

4.  Attempt  to  correlate  tear  resistance  with  conven- 
•  tional  physical  meas\arements. 
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5.  Results  of  a  compounding  study,  which  was  made  to 

determine  the  effect  of  reinforcing  filler  particle 
size  and  structure  on  tear  resistance,  and  also  to 
determine  the  percent  average  deviation  of  tear 
resistance  results  in  a  series  of  compounds  using 
three  different  polymers  (Butyl,  GR-S,  and  Hevea). 

6o  Percent  average  deviations  in  Scott  tensile  test 
results  using  vulcanizates  prepared  from  the  same 
three  f oimiulations  as  in  5.  above. 

7.  Relationship  of  tear  resistance  and  modulus  using 
N.BoSo  strain  tester. 

8.  Results  using  various  types  of  tear  specimens. 

9.  Energy  at  rupture  of  Graves  and  ASTM  (B)  specimens 
at  different  rates  of  elongation. 

10.  Investigation  of  tear  propagation  under  constant  load. 

Conclusions 

None  of  the  factors  concerned  with  tear  resistance 
which  have  been  Investigated  show  any  degree  of  positive 
correlation  with  tear  resistance  except  tensile.  It  is 
believed  that  presently  used  tear  specimens  merely  repre¬ 
sent  more  complicated  tensile  specimens,  since  some 
positive  correlation  may  be  found  between  the  tensile 
strength  using  the  standard  dumb-bell  specimens  and  tear 
results  using  ASTM(B)  and  Graves  specimens.  It  would 
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appear  from  data  thus  far  acquired  that  the  lack  of  repro¬ 
ducibility  in  tear  testing  is  not  a  great  deal  different 
from  the  lack  of  reproducibility  using  the  standard 
tensile  test.  This  is  primarily  caused  by  the  non-homo¬ 
geneity  of  the  rubber  vulcanlzate  itself  when  tested  by  a 
stress  strain  type  of  measurement. 

Recommendation 

It  is  recommended  that  Phase  III  and  IV  of  the  pro¬ 
gram  not  be  completed,  since  no  definite  conclusions  can 
be  otalned  from  Phases  I  and  II  leading  to  a  suitable  test 
method  or  specification. 

It  is  recommended  that  future  Ordnance  research  and 
development  work  center  on  a  test  method  which  more 
closely  simulates  service  conditions  such  as  the  cut- 
crack-  chip  resistance  of  rubber  in  heavy  sections. 
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Introduction 


1,  The  two  most  commonly  used  laboratory  methods  of* 
determining  tear  resistance  in  this  country,  namely,  the 
Graves  Angle  test  (ASTM  D624-48  Die  C)  and  the  Crescent 
test  (ASTM  D624”48  Die  A  or  B) ,  do  not  have  sufficient 
reproducibility,  nor  can  they  be  relied  upon  to  differ¬ 
entiate  tear  initiation  and  tear  propagation.  In  addi- 
tionj,  it  is  believed  that  presently  tised  methods  for 
estimating  tear  resistance  do  not  reflect  the  true  manner 
in  which  most  tearing  in  service  occots.  In  a  large 
majority  of  the  cases  of  tearing  in  service,  the  tear 
occurs  by  a  cutting,  chipping,  cracking  or  gouging  method, 
rather  than  by  the  modified  tensile  type  tear  test  as 
used  in  the  laboratory.  The  latter  test  would  apply 
mainly  in  the  case  of  comparatively  thin  flat  rubber 
articles,  such  as  inner  tubes,  gaskets,  boots,  bellows, 
etc,,  whereas,  the  former  type  tearing  would  occur  in  much 
more  prevalent  Ordnance  items,  such  as  tires,  bogie  wheels, 
track  blocks,  etc,  A  great  many  other  tear  tests  have 
been  proposed but  none  seem  to  possess  good  reproduci¬ 
bility  or  to  correlate  with  the  actml  tearing  of  rubber 
articles  in  service.  There  is  a  great  need  for  a  tear 
test  which  will  have  the  following  characteristics: 

A,  Reproducibility  ±  5  percent  average 

deviation. 
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B.  Differentiate  between  tear  initiation  and 
tear  propagation. 

C.  Ease  of  manipulation  -  mechanical  simplicity. 

D.  Applicable  to  all  types  of  polymers. 

E.  Suitable  for  use  in  all  states  of  cure  of 
rubber  and  using  various  compounding  ingredients. 

P.  Simulate  the  manner  in  which  most  tearing 
t’aices  place  in  service. 

That  a  better  tear  test  is  required  is  also  indicated  by 

(2) 

the  fact  that  Morris  and  Gerwels  found  in  a  study  of 
21  different  laboratories  that  values  of  tear  strength 
differed  by  79%  as  compared  with  differences  of  28^  in 
hardness,  15^  elongation  at  break,  48^  in  tensile  and 
75%  in  modulus. 

2.  The  mechanism  involved  in  the  tearing  of  rubber 

is  extremely  complex  and  difficult  of  analysis.  It  is 

made  more  involved  by  the  fact  that  the  mechanism  may 

differ,  depending  upon  whether  the  polymer  used  is  a 

crystalllzable  or  non-crystallizable  type.  Thus,  butyl 

rubber  frequently  exhibits  the  phenomenon  referred  to  as 

(3 ) 

"knotty  tear”.  Buist  states  that  this  same  effect  may 
be  observed  in  other  polymers  and  he  even  found  a  case  of 
knotty  tear  with  a  natural  rubber  gum  stock.  There 
appears  to  be  much  controversy  in  the  literature  with 
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reference  to  the  question  of  tear  initiation  and  tear 

(4) 

propagation.  Thus  Bulst  claims  that  the  angle  tear 

method  (ASTM  D624-48  Die  C)  gives  a  measure  of  tear 

initiation^  whereas,  the  Crescent  (ASTM  D624-48  Die  A  or 

B)  tear  is  a  tear  propagation  method.  On  the  other  hand, 
(5) 

Nijveld  cannot  support  this  view.  The  latter  author 
believes  that  in  both  tests  a  tear  is  initiated,  with  a 
tear  being  a  propagation  of  an  incision  in  the  one  and 
excision  in  the  other. 

3.  Additional  factors  which  complicate  the  study  of 
tear  testing  are  the  numerous  variables  which  are  Involvedi 
Probably  the  most  Important  of  these  are  the  following: 

A.  Mechanical  flbering  of  the  rubber  under  stress 

B,  Stress  distribution  in  the  specimen  -  Shape 
of  sample. 

C.  Speed  of  stretching. 

D.  Size  and  thickness  of  specimen  and  depth  of 

nick. 

E.  Number  of  nicks  and  depth  of  nick  in  nicked 
type  spe  cimens  « 

P.  State  of  cure. 

G.  Direction  of  grain. 

H.  Modulus . 

I.  Effect  of  reinforcing  fillers  -  particle  sizes, 

J.  Temperature  of  testing. 
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K.  Length  and  degree  of  milling  time. 

L.  Hardness  of  rubber  compound. 

M.  Plasticizer  type  and  amount, 

N.  Effect  of  crystallizability  of  polymer. 

O.  Effect  of  edge  smoothness  of  specimens  - 
die  cut  versus  molded, 

P.  Radius  of  curvature  of  specimens. 

Procedure 

4,  With  the  object  of  studying  the  mechanism  of 
tearing  in  rubber  articles,  a  program  was  drawn  up  and 
submitted  to  the  SAE-ASTM  Sub- committee  IV  J  for  their 
comments  and  recommendations  (See  Appendix  I),  Briefly, 
this  program  as  approved  was  divided  into  four  broad 
phases,  consisting  of  the  following; 

Phase  I,  Basic  information  for  control  purposes 
Phase  II,  Determination  of  mechanism  of  tear 
Phase  III,  Collation  of  results  and  deductions  therefrom 
Phase*  IV,  Specification. 

Most  of  the  work  included  herein  was  under  Phases  I  and  II. 
Since  there  are  so  many  variables  associated  with  tear 
testing,  it  was  decided  to  attempt  to  establish  a  backlog 
of  basic  information  relative  to  tear  testing  and  thus  be 
able  to  eliminate  at  least  a  few  of  the  variables.  There¬ 
fore,  three  polymers  were  chosen  based  on  the  greatest 
usage  and  consisting  of  one  non-crystallizable  type  (GR-S), 
one  crystallizable  type  (Butyl),  and  natural  rubber  as  a 
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control,  since  such  a  great  volxme  of  work  in  the  liter¬ 
ature  is  reported  relative  to  natural  rubber*  For  the 
non- crys tallizable  type,  GR-S  50  was  selected,  while 

butyl  represented  the  crys tallizable  polymer.  According 
"'*(6) 

to  Buist  ,  butyl  rubber  is  a  very  convenient  polymer 
to  use  in  the  study  of  the  mechanism  of  tearing,  since 
it  has  a  high  permanent  set  which  is  sensitive  enough 
to  show  up  some  of  the  stress  gradients  in  the  sample. 

5.  A  mold  was  prepared  for  curing  the  ASTM(B)  and 
Graves  tear  specimens,  and  a  comparison  was  made  between 
specimens  which  had  been  molded  and  those  which  were  die 


cut  from  a  flat  sheet.  The  Dlnsmore,  Wright,  Patrlkeev 


Melnikov  and  Goodyear  ”tongue  tear”  specimens  were  also 


evaluated. 

(7) 

6.  It  has  been  reported  that  a  hi^er  load  for 
tearing  is  observed  with  increased  speed.  Thus  a  change 
of  speed  of  tearing  across  the  specimen  from  300  to  1000 
Inches  per  is  said  to  produce  a  30^  increase  in 

load.  Equipment  was  not  available  in  this  laboratory  for 
measuring  this  speed  of  tearing,  but  using  the  Thwing  - 
Albert  Electro  Hydraulic  Tensile  Tester  (Fig.  l),  changes 
in  the  rate  of  elongation  were  examined.  Tests  were  per¬ 
formed  using  Jaw  separation  speeds  of  5,  20,  30  and  240 
inches  per  minute.  The  latter  speed  represents  the  max¬ 
imum  this  machine  is  capable  of  developing. 
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7«  Two  molds  were  made  which  would  give  rubber  sheets 
of  approximately  260  and  130  thousandths  of  an  inch  thick” 
ness.  Tear  specimens  were  die  cut  from  these  pads  and  from 
the  standard  tensile  pads  which  are  ,080  inch  thick,  and  a 
comparison  of  the  effect  of  varying  sample  thickness  was 
made.  The  number  and  angles  of  the  nicks  were  varied  on  the 
ASTM  (B)  specimen.  Angles  of  30°,  45°  and  60°,  parallel 
and  converging,  were  Investigated, 

8.  The  energy  at  failure  for  natural  rubber,  GR-S  and 
butyl,  using  both  ASTM  (B)  and  Graves  specimens,  was  cal¬ 
culated  at  various  rates  of  elongation  by  measuring  the 
area  under  the  stress-strain  curve, 

9o  Tear  propagation  by  nicking  a  specimen  1”  x  6**  x 
.085”  when  held  under  a  specified  load  was  also  investi¬ 
gated,  The  load  was  changed  at  the  start  of  each  test  and 
the  length  the  tear  progressed  was  measured  for  this  load. 
This  procedure  was  continued  at  successively  heavier  loads 
until  the  specimen  failed. 

10.  Since  it  appeared  from  Information  obtained  in 
this  investigation  and  previous  work  on  this  subject,  that 
a  definite  correlation  could  be  found  between  tear  resist¬ 
ance  and  elongation,  three  tear  tests  and  seven  commercial 
polymers  were  investigated  in  an  attempt  to  elucidate  or 
define  this  correlation,  if  such  could  be  found. 

11.  A  compounding  survey  was  conducted  with  the 
obj  ect  of  determining  the  effect  of  reinforcing  filler 
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particle  size  and  structxire  on  the  tear  resistance.  Three 
typical  gum  rubber  stocks j  whose  formulae  are  furnished  in 
Table  I,  were  chosen  for  this  study  and  consisted  of 
natural  rubber^  GR=Sj,  and  butyl.  Six  fillers  varying  in 
particle  size  and  structure  (Table  II)  were  incorporated 
into  each  of  the  base  polymers.  The  physical  properties 
(Table  III)  of  tensile,,  elongation^  modulus,,  Shore  A 
hardness,  Lupke  resilience  and  compression  set  were  deter¬ 
mined  on  the  resulting  twenty-one  compounds.  A  survey  was 
made  of  the  Graves  and  ASTM(B)  tear  tests,  using  ten  test 
specimens  of  each  of  the  above  described  compounds.  After 
this  data  was  analyzed,  it  was  found  desirable,  for  pur¬ 
poses  of  comparison,  to  perform  the  same  type  of  survey  on 
the  standard  tensile  test.  The  same  rubber  stocks  and 
nisKber  of  speciffi.ens  were  used  in  this  investigation  and  the 
data  analyzed  in  the  same  fashion. 

12.  In  an  effort  tc  correlate  tear  resistance  with 
some  fundamental  property  of  mbber  other  than  tensile 
strength,  the  natural  rubber,  GR=S,  and  butyl  rubber  com¬ 
pounds  prepared  for  the  compounding  survey  were  tested, 
usiiig  the  N.B.S.  strain  tester  (Pig.  2)  which  determines 
the  elongation  produced  by  a  given  load.  In  connection 
with  this  same  objective,  various  attempts  were  made  to 
correlate  tear  resistance  measurements  with  the  radius  of 
ciarvature  of  the  test  specimen. 


Results 


13«  Data  for  the  specimens,  which  had  been  molded 
as  compared  with  those  which  had  been  die  cut  from  stand¬ 
ard  test  pads,  is  presented  in  Table  V<,  Tests  were  con¬ 
ducted  at  speeds  of  5,  20,  30,  and  240  inches  per  minute. 
These  results  Indicate  that  there  is  no  direct  correlation 
between  tear  results  determined  at  the  various  speeds  nor 
between  molded  and  die  cut  specimens. 

14.  The  data  fin?nished  in  Table  VI  indicates  that 
it  is  not  possible  to  achieve  greater  reproducibility 
in  the  tear  values,  using  the  Graves  and  ASTM{B)  tear 
tests,  by  increasing  the  specimen  thickness.  It  is  also 
shown  that  there  is  considerable  but  irregular  variation 
in  the  value  of  tear  expressed  in  pounds  per  inch  of 
thickness,  depending  upon  the  thickness  of  the  specimen 
taken. 

15.  The'  "tongue”  specimens  gave  results  that  wei’e 
considerably  lower  than  either  ASTM  (B)  or  Graves  (Table  IX). 
This  type  of  specimen  is  more  susceptible  to  knotty  tear, 
and  therefore  gave  percent  average  deviations  greater 

than  the  ASTM  (B)  or  the  Graves  specimens. 

16.  The  angle  at  which  the  nick  is  Initiated  on 
the  ASTM  (B)  specimen  has  little  effect  on  the  tear 
resistance  in  pounds  per  inch  of  thickness  (Table  VII). 
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As  the  number  of  nicks  are  increased,  the  tear  resistance 
increases,  indicating  a  more  equal  distribution  of  forces. 

17,  Table  VIII  Indicates  that  it  requires  a  greater 
load  to  produce  failure  in  the  GR-S  than  in  either  the 
butyl  or  Hevea  stocks  when  the  load  is  held  constant  during 
each  test, 

18,  The  of  energy  at  failupe  is  directly 

S6C« 

dependent  upon  the  speed  of  the  tester  and  does  not  seem 
to  be  related  to  any  other  physical  property  (Table  X)„ 

19,  To  study  the  correlation  between  tear  resist¬ 
ance  using  the  standard  tear  tests  and  elongation,  tear 
resistance  measurements  were  made  using  three  standard 
methods  on  seven  commercial  polyners.  Results  (Table  XI) 
indicate  that  there  is  some  correlation  between  tear 
resistance  expressed  as  pounds  pull  per  inch  of  thickness 
and  the  percent  elongation  at  break.  The  Graves  test 
does  not  appear  to  be  specific  enough  in  values  that  en¬ 
able  adequate  differentiation  between  various  polymer 
stocks.  Further  work  correlating  tear  and  elongation 
might  prove  to  be  profitable, 

20,  The  data  obtained  from  the  compounding  survey 
previously  described  is  presented  in  Tables  III,  XII  and 
XIII,  It  will  be  seen  that  a  regular  increase  or  decrease 
in  the  value  of  each  property  measured  follows  the  increase 
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in  particle  size  of  the  filler,  thus  demonstrating  the 
effect  particle  size  of  filler  exerts  on  vulcanizates. 
Results  of  the  data  furnished  in  Table  XII  indicate 
that  accuracy  and  reproducibility  cannot  be  made  a  basis 
of  choice  between  Graves  and  ASTM  methods,  since  they 
both  show  approximately  equal  overall  percentage  average 
deviations.  On  the  basis  of  convenience  cf  test  pro™ 
cedure,  one  would  choose  the  Graves  test  method  because 
no  nick  is  required.  The  relative  validity  of  the  two 
methods  is  s.een  to  depend  to  a  certain  extent  on  the 
type  of  polymer  chosen  for  test.  For  example,  with 
natural  rubber,  the  ASTM  method  shows  a  slightly  lower 
percentage  average  deviation,  while  with  both  the  GR-S 
and  butyl  the  revei^ae  is  true.  For  both  types  of  tear 
tests  using  the  various  fillers  in  the  three  polymers, 
the  overall  average  deviation  is  about  11^.  Similar 
results  for  comparable  studies  are  shown  in  reference  5. 

21.  Results  of  the  tensile  test  survey  (Table  XIII), 
using  the  same  rubber  stocks  as  were  used  in  the  tear  se¬ 
ries  above,  indicate  that  the  reproducibility  of  the  tear 
tests  at  11^  average  deviation  approximates  that  of  the 
tensile  test  at  7,5^  average  deviation. 

22.  From  the  data  shown  in  Table  IV,  it  may  be  seen 
that  there  is  no  positive  correlation  between  tear  resist¬ 
ance  and  modulus  as  measured  by  the  N.B.S.  strain  tester. 
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Flirther  efforts  to  correlate  tear  resistance  with  the 
radius  of  curvature  in  the  test  specimens  also  proved 
to  be  fruitless# 

Discussion 

23,  In  the  computations  of  the  average  deviations ^ 
the  following  method  of  rejecting  doubtful  measurements 
was  utilized.  Omitting  the  doubtful  measurement j  the 
mean  of  the  series  was  computed  and  the  average  deviation 
of  a  single  measurement  from  the  mean  determined,  Next, 

the  deviation  of  the  doubtful  measurement  from  the  mean 
was  computed.  If  its  deviation  was  greater  than  five 
times  the  average  deviations  it  was  rejected.  This 
simple  rule  is  based  on  the  fact  that  granting  the 
normal  distribution  lawj  the  frequency  of  occurrence  of 
an  observation  having  a  deviation  from  the  mean  greater 
than  five  times  average  deviation  is  less  than  one  in  a 
thousand.  The  percent  average  deviation  obtained  from 
the  resulting  groups  of  values  represent  pure  numbers 
and  have  no  relationship  to  the  relative  pound  values 
of  the  tear  resistance  as  obtained  in  either  the  ASTM(B) 
or  Graves  methods, 

24,  Of  all  the  factors  thus  far  studied  in  this 
investigation,  only  tensile  strength  bears  any  positive 
correlation  with  tear  resistance  (Table  XIV),  It 
appears  also  that  in  all  tear  tests  thus  far  proposed 
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and  described  In  the  literature,  the  tear  is  a  composite 
effect  resulting  from  both  a  tensile  and  shear  component 
of  the  applied  stress.  It  would  seem  that  the  fundamental 
problem  Involved  is  separation  of  the  former  from  the 
latter.  The  data  presented  herein  have  shown  that  the 
percent  average  deviations  in  both  the  tear  and  tensile 
tests  are  of  the  same  order  of  magnitude.  This  demon" 
strates  that  the  presently  used  tear  tests  are  merely 
examples  of  a  more  complicated  tensile  test.  It  would 
seem,  therefore,  that  there  are  only  two  courses  of 
action  which  remain  to  be  Investigated.  That  is,  one  may 
begin  with  the  object  of  improving  the  mechanics  and 
reproducibility  of  the  more  basic  and  longer  used  tensile 
test,  or  one  may  seek  some  entirely  new  approach  to  a 
tear  process  which  is  completely  divorced  from  the  tensile, 
if  such  a  test  can  be  conceived.  However,  the  real 
difficulty  may  be  even  more  basic  than  mentioned  here¬ 
tofore.  That  is  to  say,  one  may  be  confronted  with  the 
enigma  of  attempting  to  obtain  uniform  results  from  a 
material  which  is  in  itself  essentially  non-homogeneous . 

As  is  well  known,  a  laboratory  technician  may  take  a 
standard  test  pad  and  find  that  dumb-bell  specimens  die 
cut  within  the  same  6"  x  6”  test  pad  (or  even  molded 
separately)  and  in  the  same  grain  direction  will  yield 
a  percentage  average  deviation  of  approximately  10%  when 
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tested  on  the  standard  Scott  tensile  tester.  Such  results 
can  be  duplicated  as  frequently  and  regularly  as  desired, 
regardless  of  numerical  value  of  tensile,  type  of  filler, 
content  of  plasticizer,  etc.  Increasing  the  complexity 
of  the  dumb-bell  test  specimen  to  arrive  at  such  specimens 
as  the  angle  tear  test  and  Crescent  tear  test,  only 
serves  to  complicate  the  determination  of  the  original 
tensile  strength,  since  it  has  been  found  that  ^  direct 
relationship  exists  between  the  two  in  each  case, 

25,  The  further  investigation  of  tearing  of  rubber, 
it  is  believed,  should  be  more  valuable  if  the  emphasis 
were  shifted  from  a  study  of  the  tensile  type  tests  and 
placed  ui>OS^^^;he  development  of  a  test  which  would  more 
nearly  reflect  the  condition  of  tearing  in  the  majority 
of  cases  in  service.  As  previously  mentioned,  this  is 
taken  to  be  a  device  which  will  in  some  manner  simulate 
the  cutting,  cracking,  chipping  or  sharp  penetrations 
observed  in  failxires  of  tires,  bogie  wheels,  tank  track 
blocks,  etc.  Of  course,  the  same  conclusions  regarding 
non- homogenie ty  of  the  rubber  will  also  apply  in  this 
case  and  one  could  hardly  expect  much  greater  than  10^ 
reproducibility,  but  here  the  test  would  at  least  be  more 
representative  of  conditions  most  frequently  encountered 
in  service. 
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APPENDIX  I 


Tear  Resistance  of  Rubber 
Project  TB4-521E,  Problem  1 

Phase  I,  Basic  Information  for  Control  Purposes 

A*  Polymers  (based  on  Greatest  usage) 

1«  GR-S  (Non-crystallizable) 

2.  GR-I  (Crystallizable) 

3.  Natural  Rubber 

Bo  Test  Specimens  (Standard)  and  thicker 

1.  ASTM  Specimen  b 

a«  Un- nicked) 

(  cut  and  molded 
bo  Nicked  ) 

2.  Graves  (Molded)  and  cut 
Co  Speed  (Electro-Hydraulic  Tensile  Tester) 
lo  5 "/minute 
2o  20"/  minute 
3o  30 "/minute 

4.  240 "/minute 
Do  Compounding  Study 

1.  Gum  Rubber  Stock 
2«  Carbon  (particle  size  effect) 
ao  Channel  (HPC  or  finer) 
bo  Furnace  H^p 
Co  Furnace  SRF 
do  Acetylene 
eo'  ^hermax 
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3o  Cxire 


a»  For  highest  tear  resistance 
b«  For  highest  tensile  strength 
c.  Over cure 

4.  Softeners  (Saturated  Petroleum,  esters  and 
polytnerl  c ) 

a.  No  plasticizer 

b«^  Low  percent  plasticizer  (5^) 

c*  High  percent  plasticizer  (10^) 

5.  Determine  effect  of  Banbiiry  mixing  and  mill 
rolling  procedures. 

E.  Properties  to  be  measured 

1.  Tensile  strength 

2.  Elongation 

3.  Modulus 

4.  Durometer 

5o  Resilience 

6.  Abrasion 

7.  Tear  resistance 
a.  Initiation 
bo  Propagation 

F.  Select  one  representative  compound  for  each  polymer 

for  further  tests. 

Phase  II,  Determination  of  Mechanism  of  Tear 

A.  Effect  of  variables  In  test  methods  and  conditions, 

using  test  specimens  and  compounds  selected  In 

Phase  I. 
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lo  Specimen  size 

a«  Vary  thickness 
b.  Vary  width 
2o  Nicks 

a«  Vary  depth 
bo  Vary  nxomber 
Co  Vary  angle 

do  Cut  specimen  so  nick  will  be  perdendicular 
to  grain 

eo  Cut  specimen  so  nick  will  be  parallel  to 
grain 

3o  Determine  force  for  initiation  and  propagation 
of  tear 

4o  Determine  energy  for  Initiation  and  propagation 
of  tear 

5o  Determine  effect  of  temperature  on  tear  resist¬ 
ance 

6o  Determine  effect  of  very  high  speeds  (0o5  to 
1000  Inches/second) 

a»  Note  load  variations  with  speed 

bo  Study  high  speed  pictures  of  tearing 

Bo  Effect  of  varying  types  of  specimens 

1.  Specimens 

ao  Dinsmore  Specimen 

(1)  Maintain  thickness,  speed,  temperature 
and  compounding  constant 

(2)  Determine  force  and  energy  for  propaga¬ 
tion  of  tear,  both  perpendicular  and 
parallel  to  grain 
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b,  Wright  Specimen 

j 

(1)  Same  as  it.B.l.a.  (1) 

I 

(2)  Same  as  II.B.l.a. (2) 

Co  Patrikeev  &  Melnikov  Specimen 

(1)  Same  as  II.B.l.a.  (1) 

(2)  Same  as  II.B.l.a.  (2) 

d.  ELmendorf  Method 

e.  Rectangular  Specimen 

(1)  Apply  a  given  load 

(2)  Mck  specimen  l/S” 

(3)  Determine  load  required  to  cause  complete 
failxire  when  tear  is  initiated  by  a  nick 
(vary  applied  load  until  complete  failure 
occurs  when  nick  is  initiated) 

(4)  Photograph  tear  propagation  with  high 
speed  camera 

2.  Method  of  Test 

a.  Constant  rate  of  jaw  separation 

b.  Constant  rate  of  elongation 

Phase  III,  Collation  of  Results  and  Deductions  therefrom 

A.  Correlate  tear  resistance  with  physical  properties 

B.  Correlate  tear  resistance  with  service  tests 

C.  Deduce  theory  of  mechanism  of  tear 

D.  Select  best  method  to  give  desired  results  and 
reproducibility 

Phase  IV,  Specifications 

A.  Determine  specification  limits 

B,  Write  specification 
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Table  XIII  - 


Pomulae  of  Rubber  Stocks 

Particle  Size  and  Degree  of  Structure  of 
Fillers  used' in  Compounding  Survey 

Physical  Properties  of  Rubber  Stocks  used 
in  Compounding  Survey 

Comparison  of  Tear  Resistance  with  Strain 
Tests 

Tear  Resistance  Measurements  of  Molded  Graves 
and  ASTM  (B)  Specimens  versus  Die  Cut  Specimens 

Effect  of  Variation  of  Sample  Thickness  on  the 
Reproducibility  of  Tear  Results  using  the 
Graves  and  ASTM  (B)  Methods 

Effect  of  Angle  and  Niitnber  of  Nicks  in  the 
ASTM  (B)  Specimen 

Tear  Propagation 

Tear  Resistance  Measurements  of  Tongue  Tear 
Specimens 

Energy  at  Break  of  ASTM  (B)  and  Graves 
Specimens 

Investigation  of  Relationship  between  Tear 
Resistance  and  Elongation  at  Break 

Percentage  Average  Deviations  in  Tear  Results 
of  Heveag  GR”S  and  Butyl  filled  with  Various 
Particle  Sized  Fillers 

Percentage  Average  Deviations  in  Tensile 
Results 


Table  XIV  “  Comparison  of  both  ASTM  (B)  and  Graves  Tear 
Resistance  Values  with  Tensile  Strength  in 
Natural  Rubber »  GR“S  and  Butyl 

Figo  1  <=  Thwingp  Albert,  Electro  Hydraulic  Tensile  Tester 
used  for  Measuring  Tear  Resistance  at  Varying 
Rates  of  Jaw  Separationo 

Figo  2  “  NoBoSo  Strain  Tester 


TABLE  I 


FORMULAE  OP  RUBBER  STOCKS 


RIA  #A8 

RIA  #r7 

RIA#S7P1 

Natural  Rubber  =  Pale  Crepe 

100 

Butyl  “  GRI 

c« 

100 

GR-S  “  Standard 

100 

Zirx  Oxide 

5 

5 

5 

Stearic  Acid 

1 

3 

1 

Agerite  Hipar 

1 

- 

•Ne ozone  D 

““ 

1 

Methyl  Tuads 

3 

1 

Santo  cure 

_ 

1 

Sulfur 

0.5 

1.5 

1.75 

Plas  togeii 

1 

- 

TP  GOB 

10 

111.5 

100,5 

129,75 

The  following  six  fillers  were  incorporated 
of  the  aboTe  gmi  stocks  in  the  amounts  shown  below 

into  each 

o 

o 

Conductive  Charinel 

50 

20 

50 

Hi  Sil 

54 

22 

54 

High  Abrasion  Fiirnace 

50 

20 

50 

Acetylene  Black 

50 

20 

50 

Semi  Relnf oreirig  Furnace 

50 

.  20 

50 

Therm  ax 

50 

20 

50 

TABLE  II 


PARTICLE  SIZE  AKD  DEGREE  OP  STRUCTURE  OF  FILLERS 
USED  IN  COMPOUNDING  SURVEY 


Filler 

Symbol 

Dlam, 

Millimicrons 

Type 

ARRloraeration 

Conductive  Channel 

CC 

10-20 

Normal 

Hi  Sll 

25 

— 

High  Abrasion  Furnace 

HAP 

56 

High 

Acetylene  Black 

AGET 

43 

Very  High 

Semi-  Re  Inf  or  clng 
Furnace 

SRF 

70-90 

Normal 

The  max 

MT 

250-500 

Low 

TABLE  III 

PHYSICAL  PROPERTIES  OP  RUBBER  STOCKS  USED  lU  CQMPOUHDING  SURVET 
BO  PARTS ‘^FILLER  -  INCREASED  PARTICLE  SIZE - ^ 
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TABLE  IV 

COMPARISON  OF  TEAR  RESISTANCE  WITH  STRAIN  TESTS 
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All  values  shown  represent  averages  of  ten  tear  speoimeK 
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TABLE  VII 


EFFECT  OF  ANGLE  AND  NUMBER  OF  NICKS 
IN  THE  ASTM  •  (B)  SPECIMEN 


Tear  Ave.  % 

Com-  Noo  Ai^le  of  Resistance  DeVo  Ave® 

Pound  Nicks  Nicks  Ave®  lb, /In®  Lbs®  Dev® 


A8 

1 

30 

479 

31 

6®  5 

A8 

1 

45° 

465 

22 

4®8 

A8 

1 

60® 

508 

20 

4®0 

S7P1 

1 

SO^ 

207 

11 

5o4 

S7P1 

1 

45® 

199 

10 

5o0 

S7P1 

1 

60® 

209 

10 

4o8 

17 

•SVI 

X 

30® 

90 

2 

2®2 

17 

1 

45® 

108 

5 

4o6 

17 

1 

60® 

114 

11 

9®7 

A8* 

2 

30® 

459 

25 

5®  5 

-ASj 

2 

45® 

472 

25' 

5o3 

A8* 

2 

60® 

473 

78  ' 

16o5 

S7P1^ 

2 

30® 

237 

■= 

“ 

S7P1‘’''' 

2 

45® 

225 

27 

12 

S7P1^^ 

2 

60®' 

254 

30 

17^ 

2 

30® 

98 

7 

7r2 

X  i! 

2 

45® 

84  ' 

3 

5o6 

T7^ 

2 

600' 

118 

7 

6o9 

A8*^ 

2 

50® 

431 

55 

12®  8 

As«f 

2 

45®  - 

455 

55 

12.1 

2 

60® 

462 

60 

13.0 

S7P1^'“"‘ 

2 

SO'® 

209 

20 

®o6 

S7P1'*^' 

2 

46® 

209 

.  3 

lo5 

S7P1^''"^*’ 

2 

60® 

189 

=. 

2 

30® 

8g. 

12 

14o2 

17*^ 

2 

45® 

93 

6 

5o4 

17** 

2 

■  60® 

84 

5 

6oO 

measured 

from  opposite 

sides  of 

the 

perpendicular » 


Angles  parallel®  All  nicks  0®02”  deep, 
speed  20^/mlno 


NOTE 


All  compounds  shown  were  mixed  using  HAP  carbon 


TABLE  VIII 


TEAR  PROPAGATION 

Thick  Lengt3a 


Corapo'and 

ness 

Load 

Lb. /in. 

of  1681" 

A8-HAP 

.090 

20 

222 

.156 

A8»HAP 

.093 

SO 

323 

.156 

A8-HAP 

.089 

32  tt  o 

366 

Pailur! 

S7P1°HAP 

.088 

30 

341 

■  .187 

S7P1-HAF 

.090 

40 

445 

.187 

SyPI-HAP 

.090 

45 

500 

.282 

S-7F1=HAF 

.087 

^  'jy  c 
i'  9  '4. -3 

546 

17- HAP 

.086 

1  r-t; 

J.,  'v.v  ‘ 

116 

.187 

I7-HAF 

.089 

11 

124 

.250 

17- HAP 

.089 

Ip 

O  4..' 

141 

Pail'iir 

TABLE  IX 


TEAR  RESISTANCE  MEASUREMENTS  OP 
TONGUE  TEAR  SPECIMENS 


DINSMORE 

Ave.  Lb./iHo 
AvQo  Dev.  lb. /in. 

%  Ave.  Deviation 

WRIGHT 

Ave,  lb. /in. 

Ave.  Dev.  lb. /in, 

%  Ave.  Deviation 

PATRIKEEV  &  MELNIKOV  A  " 

Ave .  lb , /in. 

Ave.  Dev.  lbo/l3i. 

%  Ave.  Deviation 

GOODYEAR 

Ave.  Lb. /in. 

Ave  o  Dev .  lb . /in. 

%  Ave.  Deviation 


Compoiand 


A8-HAF 

S7Pi^HAP 

17°  HAP 

96 

85 

12 

10 

24 

2 

10 

28 

18 

455 

321 

130 

62 

13 

11 

14 

4 

9 

o 

o 

117 

108' 

55 

29 

16 

21 

25 

14 

38 

15 

26 

1=3 

5 

2 

33 

9 
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ENERGY  AT  BREAK  OP  ASTM-  (B).  AND  GRAVES  SPECIMENS 


0|  1 

^  A 

n  H 

®  ^4  CO 


IQ  o 
0>  ^ 


Oi  t-  C<i 
{^0  rH  03 
<0  to  H 


Oj 

to  CM  to 

to  0>  iO 


o;}  Cv3  CO 
^  H  SO 
to  C<1  ri 


COS 

0! 

o 

m 


CO  IC'’  !iO 
CD  03 
CO  LO  Ta* 


SO  Cv3 
liH  to 
^  (O  CO 


t,H  O 
Q  d' 
oi  a  CO 

f'Hl 

•<^  «  rii 


^  Oi 


lO  CO 

OC; 

hC'  1?“-“'^ 

oi  1 

1 

03  0> 

UO  t*D  C- 

O 

10  (0 

'S 

w  LO  05 

fD  03  to 

03  LO  Cv3 

VD  i 

to  'H 

1 

e 

{  0  o  o 

o  e  o 

0  o  0 

o 

o  o 

L  ^ 

j  to  ^•  Cv3 

ic;)  10  to 

r'S 

d  co| 

tr‘'i 

a  C5^  O 
li?.  05 
C\3  H 


CO  to 

r  i  a>  LO 
lO  CO 


O  r-il 
H  00  03 
to  jH  r'il 


LO  00  to 
CC'  iX)  CD 


df\  o 

I  o 

-  >4  t 


21 
^  o 


05  srt^  to 

CX)  CD  ^D 
to  to  r"5 


03  ^0  O 
E^“i!  to  O 
CO  CD  0> 


i”3  irj) 

CD  O 
C\3  CO  rH 


to  Oi  D*’ 
03  CD 

^:)  -iQ  t- 


«^(l  ®l 
rH|  Ol 

o  ,q  cQ 

d^d  ! 

!! 

'"‘-nk  »  q  i 

-1,0  o,. 

LO  M 


HI  00  CO 
<y>  LO 
r-  03  to 


t:-'^  iO  LO 
r-'l  LO 

VO  ca  H 


to 

LO  O 
tfH  r-3 

o  .  <»  o 


H  I J 

LO  ‘;:T5  to 
to  (fH  (iH 


olSTi 


■M  D 

I 

o 


H  a- 

O  K)  '^1 

coo 

to  *o 
H 


O  00 
^  lO  0v3 
'JD  l\»  '-.^^3 


CD 

(DvD  i-O 

e  o  o 

03 


?:•-  055 

'4’-=^  to 

Cs3  CN3  r-l 


to  to 
<4»  to  l> 
LD  lO  05 


03  LO  to 

o  o  o 

ijO  lO  05 


K 

^  O 


O  03  O 
m  4^  05 
CO  ID  H 
H 


!0  03  O 
toco  CO 
to 


05  O  05 
ir"3  05 

to  o  o 


H!  (H  to 

05  I'-  4^ 

o  o  o 


4^  00 

CV3  4^  lO- 


fH  to 

4*  to  05 

o  o  o 

to  Cv3  frH 


o 

S:  X3  cH 

CD  l4 


lO  LO  GO 
tH  ^  H! 
^  CX3  r-i 


05  CD  LD 
£-’  ^■'  H 
CXI  H  H 


lO  CD  05 
O  CD  LO 
CO  CQ  H 


or>  03 

CX)  03  <D 
03  03 


^  O 

uHi 

|i3i 


o  00  u*:! 

to  to  H 

^  UQ 


LO  03  to 
H  O  00 
4^  ^- 


O  to  LO 
CD  H  lO 
CD  LO  00 


03  O  LO 
O  CV3  O 
^  lO  C) 
H 


m  H  w 

0  c 
00  0”  r- 

<Lj  03  H 


fc  W  fo 

S  “  s 

tn  r'-i 
” 

00  £>'  ^= 

<J  CO  H 


fel 

<q  D  <« 
W  H  W 
D  Pr^  I] 
CO  0- 
CO  H 


pH  r*! 

II  B 
CO  c-  t • 
<  to  H 


H  O 
W  H 

HOC 
WH  S 
H  O 

Q 

Eh  ^ 
<tj 
O 


0 

ito  ^ 

o 

O 

O  LO 

O 

O 

O 

Hill 

,.  00 

CD 

O  O) 

CO 

CD 

a  c\2 

0 

CJ5 

lO 

o> 

£> 

UO 

PdiO 

0 

0 

D  0 

0 

8 

8  8 

o  « 

c 

bO 

iO  (Xj 

LO 

C\2 

LO  (D 

in 

,  LO 

02 

li^  CO 

£:- 

to 

to  CD 

to 

CV2  H 

CD 

lO 

to  H 

H 

a) 

u 

<B 

o 

O 

10  o 

o 

o 

LO  O 

o 

LO 

£■“ 

O 

LO 

t-  ^ 

cb  o 

^• 

lO 

02  H 

LO 

CV2  H 

0 

0 

0  0 

!I 

D 

8  Q 

.  LO 

o 

o  o 

O 

o 

o  o 

a> 

to  CD 

LO 

o 

02  €0 

CV3 

CD 

CD 

02  r4 

CD 

CO 

to  v-i 

5 

r“3 

a  :  a  a :  n  tiO 
O'O)  o  4^  o  ^::o 

d  §1^5 

0  o  w 


t 

h| 

OS 

o 

o  o 

o 

03 

c:> 

o  o 

to  H 

H 

o 

to  o 

H 

o 

to  o 

0  Pj 

0) 

to 

00 

to 

1^  o| 

8 

8 

8  8 

a 

8 

3  0 

cp'i 

Pi 

O 

O 

«o  o 

lO 

CO 

CV2  O 

1  LO 

H 

CO 

CO 

cd 

1  CO 

to 

03  03 

to 

iO  02 

cq! 

1  o 

O 

o  o 

O 

o 

0 

0 

,|  a> 

o 

LO  lO 

to 

o 

LO  LO 

(1 

1  CD 

LO 

03  p  H 

CO 

liD 

CQ  r4 

p:; 

1  3 

0 

8  8 

8 

8 

8  8 

O 

o 

o 

o  o 

O 

LO 

7 

6 

3 

li::* 

LO 

O  CD 

CD 

00 

iO  CD 

H 

1  CD 

UO 

to  to 

o 

CO 

CO  to 

COi 

! 

1 

rH 

i 

1  o 

o 

O  LQ 

Lf;# 

o 

O  UD 

H  I 

1  LO 

o 

o  to 

£> 

o 

O  to 

05  P 

(  CO 

UO 

to  H 

LO 

LO 

to  iH 

P  <13 

0 

0 

8  D 

8 

8 

0  0 

LO 

o 

LO  O 

UO 

o 

02  O 

-p 

\  J> 

H 

CQ 

03 

CV 

05  d 

CD 

t- 

CD  to 

00 

00  to 

02 

H 

i 

1  « 

0 

0 

o 

0 

e 

o  ®  o  -p  o  p !] 

rH  O  yH  Jh  s‘“j  O  |i 

^  o  ^  o  ^  £q 


- 

o 

0) 

0)  H 

O 

0 

8 

r0 

P 

o 

8 

H’H 

0 

XJ 

p 

o 

0 

0)  <D 

H  ^ 

> 

oH 'd 

0  0 
H  ^ 

X5 

m 

cH  O 

0) 

® 

0  n 

H  O 

0 

0 

02  H 

M 

P* 

s« 

QQ  «H 

> 

d  d 

c> 

05 

a  d 

O 

05 

CD  a 

Of-I 

P 

m 

<13  d 

H 

P 

EH  t> 

cd 

d  m 

EH  P) 

o  o 

O 

o 

O  <D 

XJ  .hi 
CD  O 

o  o 

O 

o 

LO  O 

00 

o 

CQ  oH 

o  o 

o 

o 

02  ^ 

to 

UO 

co^ 

UO  LO 

UO 

UO 

0  0 

o 

e 

CQEH 

o  • 

• 

0 

o  o  o 
o  o  ^  o 

^  i'^o  H  i  O 
-B  0  Q  0 
O  O  '  to 
CQ  CD  CD  fcO 
O  to  r*4  r‘S 


O  O  U")  CD 
H  r-i  O 
i-O  to  r'-S  iH 
8  8  0  0 
iO  UO  o 
to  o  to 

CD  cn;^  H 


LO  C)  o 
lO  O  O 
to  to  ri  8.0 
8  0  0  0 
ID  10  00  k:^ 
to  •''4'-  to 

LO  (Xi  ri 


O  O  lO  O 
?0  H  t-  O 
to  cO  rH  H 
0  G  8  D 
UD  10  tO  ^ 
CO  cn  CD  to 
CD  lO  CQ  H 


a  H 

a 

H 

,o 

♦H 

o 

43 

G  WH 

-P 

R 

»H 

cd 

40 

Cd 

4^ 

.p 

6 

cd 

8 

Cd 

P 

a 

5^ 

bO 

O 

0 

43 

o 

0 

=P 

a 

ri 

o 

P 

o 

O 

o 

M 

0 

0 

r-^ 

,  ^ 

CO 

0 

sH 

0 

O 

pq 

40' 

0 

O 

m 

rfe^p 

to 

o 

0  x5 

CO 

0)^. 

*H  : 

8 

P 

H 

H 

8 

p 

m 

XJ 

o 

0 

cd 

xJ 

o 

8 

ft 

0 

0 

> 

:0 

0 

rH  ^ 

XJ 

CC! 

H 

X5 

H 

X5 

0 

H 

o 

0 

0 

d 

d 

H 

o 

0 

0 

0 

H 

t> 

cd 

CQ 

ofH 

> 

d 

o 

cd 

w 

a 

S 

o 

Cd 

0 

a 

P 

to 

0 

H 

P 

EHtl» 

^  CD 

iH 

m 

&H 

|3  is; 

CD 

+i  o  o  o  o 

C  IT)  O  CO  O 

•H  CVJ  10  LO 


o  ai 

h 

TJ  ^ 

®  O  O  o  o  o 

ca  H  O  O  O  O 
a)  jd  lO  lO  1-0 


•  o 


O  0 

t-  o 

50  UO 

li:  ^= 

Cv3  UO 

O  HI 

O  C^2 

o  to 

t- 

O 

0  > 

«  o 

0  o 

O  0 

o  o 

o  o 

•  • 

o  c 

e 

o 

>  0 

uO  lO 

a^io 

0>  iC-'' 

O  LO 

UJ 

c<0  O 

0^  CO 

H 

<T<) 

P 

CV2 

r“5 

H  W 

rH 

f“-5 

H  to 

feO  ^ 

coo 

o  o 

o  « 

0  « 

0  >  0 

LD  LO 

00^' 

00 

o  iO 

ID  LO 

H 

>  0  ^ 

H 

H 

H 

iTj 

H 

r-^ 

E>- 

<3lP  P 

H 

H 

tn 

H  '»fH 

lO  03 

G 

6 

O  »D 

CO  W 

to 

LO  CO 

CO  o 

CO 

EH 

05  \ 

O 

LO  O 

-4^  a:> 

O  CD 

LO  to 

EhP 

p 

0  rO 

03  H 

H 

rH  H 

H 

p  p 

CO 

E-:  H 

i 

po 

CQH 

p4  Eh 

to  LO 

O  CO 

LO  to 

o  o 

to 

%f*o 

H  O 

H  to 

t:- 

c  c 

o  o 

o  o 

P::P-; 

0  |> 

0 

o  o 

o  0 

o  o 

O  0 

(0  ^- 

<0  H 

rH!  ?>* 

a' 

o  c^ 

U‘j 

s 

6 

o  to 

(3>  to 

H 

rH 

Pc/3 

<  o 

C\3 

iH 

if-H 

H 

O 

H  OW 
H  ME-i 
{Kl  Ehh 

Eq  S@ 

<!  Q#-:^ 
EH  ^,>-1 
KH 


??-'  0  >  0 
«/}  !>  0)  j:) 

<Pi^^l 


LO  t-  Cb 
H  H  to 


to  uo  CD  LO 

CQ  r”3 


I:-  03  <o  to 

O  O  *0 

L^O  LO  0-3  H 


O  to  9“Hi 

o6  s:'-  “^3^  H 


o  o ! 

0 

2 

CO  O 

cqo 

CDH 

oto 

to  %5^ 

03 

CO 

CD 

0  > 

o  o 

e  e 

•  o 

0  0 

•  « 

0  o 

o  o 

e 

o 

<ij 

^  >  0 

CO  o 

lO  H 

CO 

CiO  r:- 

03  H 

CD  CO 

CD  cr> 

03 

LO 

3 

p 

CS). 

H  to 

HI 

jH  H 

03 

sH 

H 

M 

P 

«  c  o 

to 

•0  p  m\ 

£- 

C5^  CL3 

00  H 

r-  o 

irH  CO 

lO'  H 

CO  0 

>  0  PI 

ID  cn 

^  Cv3 

CQ.  to 

iOH 

uO  H 

H  ?3  '" 

<30  (4 

pc: 

P 

i4 

CO 

CD  Oa 

to  H 

00  O 

CO  to 

00 

Eh 

O  fD 

o  to 

CD' CO 

H 

0:.  to 

0 

o:> 

LO  Ca3 

lO 

r  -a 

f  H! 

H  i/'Hi 

03 

jH 

ncJ 

CQ 

.  m 

TQ 

^73 

m 

03 

m 

3Q 

o 

0 

0 

0 

0 

0 

0 

0 

0 

p 

> 

^  > 

^  !> 

S  > 

^  > 

m  > 

t> 

p 

Eh  cd 

EH  cd 

P  cd 

Eh  cd 

Eh  cd 

EH  Cd 

P  cd 

Eh: 

05 

O 

0 

tD  ^~s 

CO  Jh 

to  u 

CO 

CO 

to  U 

CO 

U 

P 

<J  O 

<:  p 

<  o 

<I  O 

<  es 

<1  P 

<! 

CO 

0 

1 

H  6*^-^ 

o  o 

P 

H 

H  ®H 

p  -p 

< 

irH 

®rH 

O  O 

COCO 

offH  H 

ce 

ce 

EH  &H 

Eh 

O 

r^l 

o  o 

MW 

<1 

CO  to 

O  c5 

EH 

^  < 


TABLE  XIII 

PERCEKTAGE  AVERAGE  DF/IATIONS  IN  TENSILE  RESL^LTS 


o 


o  oj 


<0  > 

H 

o 

r- 

UO 

o 

p'  0 

0 

o 

0 

« 

o 

0 

o 

o 

<!  Q 

iO 

IP 

CO 

to 

LO 

C^ 

Oj 

rH 

0  o 

CD 

<0 

00 

a- 

to 

O 

to 

H 

'a>  bj 

00 

o 

iO 

LO 

C\2 

H 

<  P 

rH 

H 

02 

H 

02 

OS 

EH 

0)  ■ 

ilD 

k'H  1 

oH 

o 

O 

o 

O' 

Cf 

O 

o 

m  m 

ic*’ 

o 

iO 

to 

02 

R  PJ 

H 

H 

t'- 

cc 

IQ 

CX 

a) 

c\y. 

CVt 

cn 

H 

rH 

H 

C\t 

H 

0  o| 

i\> 

r- 

o 

to 

to 

i>  OJ) 

O 

o 

o 

o 

o 

o 

o 

i'O 

H 

lO 

^'0 

to 

0 

H 

o  . 

a)  |> 

lO 

O 

to 

iO 

>  a; 

r-1' 

to 

o 

to 

i:- 

c 

Hr  HI 

<  Q 

Hi 

02 

r^'ll 

I':-” 

in 

@ 

■ 

B 

r-! 

, 

D1 

'oH 

O 

c? 

wn 

O 

o 

o 

P::; 

m  m 

:  O 

O 

t- 

O'i 

ifH 

G 

c!5 

o 

H 

CO 

lb 

0 

i  CX' 

H 

02 

r’i 

fH 

0  o 

0  > 

1  to 

CD 

to 

02 

Lf3 

Oi 

>  0 

e 

0 

o 

e 

© 

e 

o 

© 

< 

j] 

<J  p 

1  ■  an 

C\3 

LO 

P- 

t- 

CO 

■  uo 

p£} 

o  o 

PQ 

a>  > 

IQ 

lO 

o 

o 

02 

PQ 

>  CD 

H 

C.0 

t- 

to 

■Cp 

to 

CO 

<?p 

r-l 

rHl 

H 

rH 

p=: 

j  '  02 

<0 

rH 

Cj“|  Of-~J 

O 

iO 

O 

O 

O 

O 

o 

B 

m  o: 

t- 

to 

02t 

o 

CO 

LO 

EH 

P  P 

o 

03 

C5> 

Cvl 

00 

o 

0 

02 

Cv2 

02 

rH 

H 

H 

EH 

U 

11 

c/3 

0 

r^I 

o 

r’'« 

oiH 

eh 

H 

CO 

fe 

W 

fe 

EH 

u 

Oc-4 

o 

s 

ii! 

O 

o 

c 

GO 

CtJ 

Eh 

Ten  specimens  were  used  In  each  case  and  the  data  analyzed  as  described  In  report 
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